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Tlïè©ïrësent".invent îon :reltes:to :sintered::alloYs 
çtïnstèrLf- goOd ma¢hablHty; high delty 
ad: haesg. 
Tungsten  well known to be a very:refractory 
ta.1.. » the-.senSe- that it hs: a . melt: point 
o$:aC:3400 :C.  Such :a refrctory:.metal.:may 
bë wOrked/: in the; most econical, manner by 
poder: mealigy methods;.and such metheds 
rê gëratl-y, employed . producing this metal 
fo c0mmerciaYus: The.tungsten:powder flrst 
shaped - into go . form in. a mold' under., high 
preue If   then prestered in- hyogen 
mosphere t a.temperature:-of. 1000  C. so that 
t:g0t: can then- be:hndled. e .next.step, 
oerdgly; is to place.the:ngot in an.electric 
cCit;: also:, a hydrogen  atmosphere, and.pss 
$ rent .through::it.equivalent to- about :.90:ç«:e er 
i::fsg:tempertul'e; or  about' 2900  Ci, thus 
flna.l sinterg it. 
A:.thiS: stage' of-workg; .the tgsten.. got is 
rF  stron$, rathe brittle, ad qui  hard. its 
deity: .however: must: e fther. creased, and 
the::desirable qualities: must .be- given,, it: Th 
::ted by. swag theingot.under :hea-t. e 
:: f5rmed: bas' a-.theoretical:density: of-about 
19.3 grains per cubic centimeter; and- may be 
drhwn clown: t« very/ fine w.oees of a- renfle 
gegth: far:- psg tht- OE- steel, piano we 
efi equl diameter: 
I ma:otherrespects; however» the ure: hot 
ugedçtungsten metal leaves much  be:desired-. 
Itis:very hardte mache f stnce and conr 
sequently only the sple  Sapes can be ruade 
fr0mit, eiter, by cuttg off sections of a rod of 
ccular cross-section, or by punchg ccular 
pelle from a-fiat sheet, both of which methods 
.bave been used in makg electrical contact 
ptS f0r  automobiles. 
e uses of th very desirable metl can be 
creased(to: a vey great.extent i£ it can be ruade 
amenable fo a greater degree of workg. çhat 
would: make it possible ço fom if into-s-hapes 
hvg  wider fleld of usefulness withou greatly 
impaing its inherent natural qualities. 
In apDlication for patent of urtz and WI- 
liams Serial No. 460,22,. now Pa£ent No. 
2»491866, issued December 20, 1949 thee is dis- 
closed an alloy cotg main!y of tungsten but 
hvg- alleyed therewith small quantities of gain 
»eflg metal such as vanadi, and al!oy, 
bend nd deffyg metals such as mn- 
ganese, iron, cobalt and nickel, and metal of the 
platum faly, nd. goId..  metal by ster- 
g wlthout swagg can be-ruade with a density 
aS. high a. or higher than: that of pure hot swaged 
tusten. 
If  an obJect of the pensent vention to pro- 
duce n alloy of this general type which bas suit- 
abity fbr use for contact porta and sfla arti- 
cles, nd which, whfle it bas. sewhat lss 

density t .hau. metl dis¢osed::, i_n.. thç I_ur:tz_. and 
Wfiliams applications, neveççheless h.as a. ery 
:deiçy:..wiçh0ut swag, is:qite.haçd  
s goo.d/.machbflity. It--mayatso.b:m0d.e d 
 into a wide variety of shapes such-, a c.rçb!, 
dks», p!ate$ and; in fct;, it.can be: foed, to 
a spcctins, 
It  a further obJec.t .: pzoduce:an a!lç that 
is .bsically tungsten, .that.-P0ssesse i large 
10 the :desoeblepropertiesof pe hot swaged tungs 
ten, but which is capable of machining andshap 
g. ta. a: degsee, that.  possible-with. pue-hot 
swaged tungsten. e lloy. of the. present 
venti0n- is. sintered, at-tempera-es ne higher 
15 than the range of rapid, germation- iempem 
tures but is: comparable/with, pqrè h0 :. sgd 
tu.ngsten  in:ee: density» . and- sup¢rioz to: it i 
chinbity, .and mny. oher- prop:tes. 
I hs: previously been pointed out that. the 
2o range of 1300-1800  C., pd,cç]slliation of 
tgsten: tkes-place.azd iris at-thesê tëmpea- 
tue, tt thpretalloY.is sintre or Period 
sufficient-:produce a  lsxge number., of e 
tls It iS- propsed.in.the mehod of. the:pes- 
25 ent invention not  exceed, these, temPerates 
grea-t-« 
I have--foundtht:: poder metlluçgy.mçh- 
ods aa applied to tgsten, the: c0herenc  n d 
flneness, of  grain cn be: co-iderably pomoted 
30 by- addg to the basic tungsten ruera! powdes 
certain other P0wdered metals-havg mett 
points-ith - o.slly bel0w the.rpd cstai- 
ztion zange of: the tgsten, metal ashereab0ve 
deflned, 
35 e .metals fo be added to the refractormetals 
a coblt and Dltum., and coppe r. r/silë. or 
boh.. 
e addition of-coblt increses the den!ty 
a-nd fineness: of. grIm at temperates: with.the 
-t*range stated,but: tD.e additïon of C0blt 
. girl. n extreme«- hardns to thé t.ate lloY 
that: makes it: difficut  mache. 
P!a, as an:addition to thtgsten metal, 
bas, much th.e Çam effec s coblt, in inremg 
,15 de!t ugb. n0t: hardness. " Hoever, the/c0:- 
bl and the platum maY- be. so mbi8 
additions te the tugsten- as to gve high. density. 
sufficient hardness for- the. desed, pur-pose, and 
good mhinabflitF.. The addition of cobalt and 
50 platinum shouloE-bevmy small for. the best effect. 
For-stnce, n addition, of 5% cobalt, or- even 
much less, produces an al!oy 0f very high density, 
about 177 gams-per cubic ceneterff 05% 
Dlti:num be ded. With so muh cobalt, how- 
 ever, the resultant al0y is veçy hard and, whfle 
 mchinable, is er difficult to machine. It. bas 
a hardness on the Rockwell A scale of about 
76-76. 
Within the ambit of this vention it is in- 
0 tended. o çlude an a[.oy 0f tungstep,.. Wt 
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balt also, in an amount not exceeding 5% and a 
platinum group metal in an amount not exceed- 
ing 1% and an amount of silver and copper hot 
exceeding 10 % combined. 
As examples of such alloys, the following will 
serve: 

A B C 
Cobalt .......................................... I. 0 5.0 2.0 
Tungsten ....................................... 89.9 I 84. 0 90.0 
Platinum ....................................... 0.1 1.0 [ .0 0 
Copper ..........  5.01 5.01  
Silver .......... -_ï._'ï_-_-_'ï_-] 4.01 5.0{ 3,0 

The proportions given are by weight. 
Alloy A has a density of 17.2. It bas good ma- 
chinability and a hardness on the lockwell A 
Scale of about 63. It is a metal suited for contact 
points and other uses, such as electrodes of any 
desired shape. 
Alloy B has a density of 16.7. It has consider- 
able hardness due to the somewhat large cobalt 
addition, but is machined easily. 
Alloy C has a density of 17.8, a hardness on the 
lockwell A scale of about 63, and good machin- 
ability. 
The additions of copper and silver in combina- 
tion with cobalt and platinum promote the densi- 
fying action and I find them to be beneficial in 
increasing the conductivity of the alloy and im- 
proving the machinability. The alloys of the in- 
vehtion may contain for best results from 84%- 
90% tungsten, from 1%-5% cobalt, from 1%- 
10% of copper-silver or both combined, and from 
0.1%-1.0% of platinum. 
The platinum may be added as powder but is 
so small in amount that it preférably should be 
added to the powdered metals as a solution of a 
water-soluble compound, such as chlorplatinic 
acid, in order to secure even distribution. 
The powdered metals are impregnated with the 
chlorplatinic acid solution and dried in thê .air. 
They are then pressed in a mold and heated in a 
non-oxidizing atmosphere at a temperature of 
1300 ° C. to 1800 ° C. for from one to three hours. 
After this heat treatment the metal shows a re- 
markable grain growth. The grain count shows 
hot less than 2000 grains per square millimeter 
and may be as high as 20,000 grains per square 
millimeter. 
The metals added to the tungsten have in each 
case a melting point within or 'below the tem- 
perature of rapid crystallization of the tungsten, 
namely, 1300 ° C. to 1800 ° C. Under the heat 
treatment given, a homogeneous alloy is formed 
with a minimum of voids and a density in the 
neighborhood of 17, a hardness of about 63 on the 
Rockwe!l A scale and good machinability. In 
general it may be stated that with the increase 
of the amount of cobalt, there is an increase in 60 
hardness, a property which is desirable in many 
instances, but if the addition of cobalt be too 
great, that is, much beyond 5%, the hardness 
creases to such an extent that machining is dif- 
ficult if not impossible. The alloy formed from 65 
the constitutents given is a homogeneous alloy 
characterized by very fine grain structure and a 
grain courir of hot less than 2,000 grains per 
square millimeter. If desired, after the sintering 
is completed, the sinçered body may be subjected 70 
to a coining operation either ai room temperature 
or at elevated temperatures. 
Having thus described tuf invention, what I 
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of 84% tungsten, 5% cobalt, 5% copper, 5% sflver 
and 1% platinum, having a density of 16.7 grams 
per cubic centimeter and a grain count of hot less 
than 2,000 grains per square millimeter and good 
5 machinability. 
2. A dense coherent tungsten alloy consisting 
of 89.9% tungsten, 1% cobalt, 5% copper, 4% 
silver and 0.1% platinum, having a density of 
17.2 grains per cubic centimeter and a grain 
10 count of hot less than 2,000 grains per square 
millimeter and good machinability. 
3. A dense coherent tungsten alloy consisting 
of 84% tungsten, 5% copper and 5% silver to 
which has been added as an addition cobalt and 
15 platinum in the relation of 5% cobalt to 1% 
platinum, having a density of 16.7 grams per 
cubic centimeter and a grain count of hot less 
than 2000 grains per square millimeter and good 
machinability. 
20 4. A dense coherent tungsten alloy consisting 
of 89.9% tungsten, 5% copper and 4% silver, and 
an addition of cobalt and platinum in the pro- 
portion of 1% cobalt to 0.1% platinum, having a 
density of 17.2 grains per cubic centimeter and 
25 a grain count of hot less than 2000 grains per 
square millimeter and good machinability. 
5. A dense coherent tungsten alloy consisting 
of 90% tungsten, 4% copper and 3% silver and 
having an addition of cobalt and platinum in the 
30 proportion of 2% cobalt to 1% platinum, said 
alloy having a density of 17.8 grains per cubic 
centimeter and a grain count of not less than 
2000 grains per square millimeter and good ma- 
chinability,  
35 6. A dense coherent tungsten alloy consisting 
of 84% to 90% tungsten, 3% to 5% silver, 4% 
to 5% copper, 1% to 5% cobalt and .1 fo 1% 
platinum, the alloy so formed having a density 
approximating 17 grains per cubic centimeter 
40 and a grain count of hot less than 2000 grains 
Per square millimeter and good machinability. 
7. A dense coherent tungsten alloy consisting 
of 84% to 90% tungsten, 1% to 10% copper-silver, 
1% to 5% cobalt and .1 to 1% of platinum, the 
45 alloy so ïormed having a density approximating 
17 grams per cubic centimeter and a grain courir 
of hot less than 2000 grains per square millimeter 
and good machinability. 
JAOOB KURTZ. 
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